Right coronary reactive hyperemia and the maximal coronary vasodilator response to adenosine were examined in conscious, normal dogs and dogs with right ventricular (RV) hypertrophy. RV hypertrophy was induced by chronic (5-7 months) pulmonary artery stenosis. With RV hypertrophy, RV weight to body weight ratio rose by 70% (P< 0.001), right coronary artery blood flow (Doppler ultrasonic technique) rose from 17 ± 1 to 51 ± 5 ml/min, and RV transmural blood flow (radioactive microsphere technique) increased from 0.78 ± 0.06 to 1.62 ± 0.10 ml/min per g, while the RV endocardial: epicardial perfusion ratio decreased from 1.36 ± 0.04 to 1.10 ± 0.02. Excess blood flow debt repayment following release of a 15-second right main coronary artery occlusion was attenuated markedly (P< 0.001) to 107 ± 22% from the normal value of 325 ± 41%. Maximal coronary vasodilator capacity (to iv adenosine) was reduced in the hypertrophied right ventricle, as reflected by a lower (P < 0.05) level of maximal transmural blood flow and a higher (P < 0.02) level of minimum coronary vascular resistance per gram of hypertropied right ventricle compared to normal. During maximal coronary vasodilation, the endocardial: epicardial perfusion ratio decreased (P < 0.001) below unity in the hypertrophied right ventricle to a level (0.83 ± 0.06) significantly lower (P < 0.001) than normal (1.16 ± 0.03). Thus, the development of severe RV hypertrophy is characterized by an attenuated coronary response to acute ischemia and by a reduction in maximal coronary vasodilator capacity. We conclude that the increase in cardiac mass which results from chronic pulmonary artery stenosis is not accompanied by a proportionate increase in cross-sectional area of coronary vessels supplying the hypertrophied ventricle.
CARDIAC hypertrophy induced by pressure overload appears to induce a different adaptive change in the coronary circulation supplying the hypertrophied ventricle, depending upon whether the stimulus for hypertrophy is delivered to the left or right ventricle. Left ventricular hypertrophy is characterized by either a modest decrease (Gamble et al., 1973; Malik et al., 1973; Pyle et al., 1973; Johnson et al., 1978) , no change (West et al., 1959; Holtz et al., 1977; White et al., 1977; Mueller et al., 1978; O'Keefe et al., 1978) , or only a slight increase (Rembert et al., 1978) in blood flow per gram of tissue. In contrast, perfusion of the hypertrophied right ventricle is increased progressively and markedly (Murray et al., 1979) . Moreover, a number of studies have reported reductions in coronary vasodilator reserve of the hypertrophied left ventricle in response to both physiological (Holtz et al., 1977; Rembert et al., 1978) and pharmacological (Holtz et al., 1977; Mueller et al., 1978; O'Keefe et al., 1978) stimuli which elicit maximal increases in coronary blood flow. In contrast, similar reductions in coronary vasodilator reserve have not been observed in the hypertrophied right ventricle (Archie et al., 1974; Lowensohn et al., 1976) .
Experimental models of left ventricular hypertrophy due to pressure-overload are characterized by chronically elevated levels of coronary perfusion pressure, which have been shown to result in morphological changes in the coronary vascular anatomy (O'Keefe et al., 1978) . Thus, the observed reductions in coronary vasodilator capacity of the hypertrophied left ventricle could be due to the effects of a chronically elevated coronary perfusion pressure on the coronary vasculature, rather than to an intrinsic characteristic of the hypertrophic process. The experimental model of pressure-overload RV hypertrophy can be used to distinguish between these two alternatives, because the marked increase in RV mass is not associated with a concomitant increase in coronary perfusion pressure.
The goals of the present study, therefore, were: (1) to examine the effects of cardiac hypertrophy per se (in the absence of a chronically elevated coronary perfusion pressure) on the coronary hyperemic response to acute episodes of ischemia, (2) to determine whether the development of RV hypertrophy is characterized by an overall reduction in maximal coronary vasodilator capacity, and (3) to examine possible transmural variations in maxi- VOL. 48, No. 1, JANUARY 1981 mal coronary vasodilator capacity of the hypertrophied right ventricle.
Methods

Surgical Preparation
A total of 50 mongrel dogs of either sex (conditioned and free of microfilaria) were tranquilized with Tranvet-10 (propiopromazine HC1, 0.1 mg/kg, iv), and subsequently anesthetized with sodium pentobarbital (30 mg/kg, iv) . After intubation, the dogs were ventilated and prepared for sterile surgery. The heart was exposed via a left thoracotomy in the 5th intercostal space. Tygon catheters (Norton Co.) were implanted in the descending thoracic aorta and, following pericardial incision, in the left atrium and the right ventricle. An inflatable hydraulic occluder (20-26 mm inside diameter; Jones Co.) was placed around the main pulmonary artery in 23 of these dogs, the remaining animals eventually serving as normal controls. The distal ends of the catheters and occluder were exteriorized and positioned between the scapulae. All animals were placed on a 1-week post-surgical regimen of antibiotics.
An interval of at least 3 weeks was allowed for recovery from the effects of this initial surgery. At this time, gradual chronic pressure-overload of the right ventricle was commenced in 23 of the dogs by inflation of the pulmonary artery occluder (Murray et al., 1979; Murray and Vatner, 1980a) . During this initial presentation of the pressure-overload, a stable peak RV systolic pressure of 50 mm Hg was achieved. Over the succeeding 2 weeks, inflation of the occluder was adjusted such that peak systolic pressure was at least 70 mm Hg. RV pressure and heart rate were monitored on a biweekly basis thereafter. All further changes in RV pressure and all other measured variables occurred spontaneously in the presence of a consistently applied stenosis of the pulmonary artery. The pressureoverload was sustained over a 5-to 7-month period.
One month (normal group) or 4 months (group subjected to pressure-overload) after the initial surgery, a second thoracotomy was performed through the 4th right intercostal space. A 2-cm segment of the right main coronary artery was dissected free of connective tissue and fat in a retrograde direction from the first major ventricular branch to its aortic origin for placement of an inflatable hydraulic occluder (4 mm i.d.) and a proximal Doppler ultrasonic flow transducer. Pacing electrodes were sutured to the surface of the right atrium and right ventricle. An interval of at least 3 weeks was allowed for recovery from the effects of this surgery.
Experimental Measurements
Aortic and RV systolic and end-diastolic pressures were measured through the previously implanted catheters attached to calibrated strain gauge manometers (Statham P23Db). Right main coronary artery blood flow was measured from the implanted flow transducer connected to a CW Doppler ultrasonic flowmeter (Franklin et al., 1966; Vatner et al., 1970) . The flow probes were calibrated at autopsy by perfusing blood at known rates through a catheter inserted into the right coronary artery via the ostium such that its tip lay proximal to the implanted flow transducer. Mean aortic pressure and mean right coronary artery blood flow were obtained using a passive electronic filter with a 2-second time constant. A cardiotachometer (Beckman type 9856), triggered by the arterial or RV pressure pulse, provided instantaneous and continuous records of heart rate. These measured variables were recorded on a multichannel oscillograph (Gould-Brush) and tape recorder (Honeywell model 5600-C).
Regional myocardial blood flow was measured with isotopically labeled microspheres (15 ± 2 jum in diameter; 3M Co.) in 15 normal dogs and 7 dogs subjected to chronic pulmonary artery stenosis. The radioactive label of the microspheres ( 95 Nb, 85 Sr, m Ce, or 46 Sc) was chosen randomly. The microspheres were suspended in 0.01% Tween 80 solution (10% dextran), agitated by direct application of an ultrasonic probe to ensure dispersion of the microspheres, and placed in an ultrasonic bath for at least 60 minutes prior to injection. Absence of microsphere aggregation was verified by microscopic examination. Prior to injection of microspheres, 0.7 ml of Tween 80-dextran solution (without microspheres) was injected to determine if the diluent for the microsphere suspension would have an adverse effect on measured cardiac or systemic hemodynamics or right coronary artery blood flow (Millard et al., 1977) . One to two million microspheres, suspended in 10% dextran, were injected through the catheter implanted in the left atrium for determination of blood flow. A reference sample of arterial blood was withdrawn (7.75 ml/min) from a catheter inserted into the abdominal aorta via the femoral artery under local anesthesia (2.0% lidocaine HC1) on the day of the experiment. Reference sample withdrawal was initiated 10 seconds before microsphere injection, and continued for approximately 60 seconds after the injection was completed (total withdrawal time was 90 seconds).
After the animals had been killed with a lethal dose of sodium pentobarbital, examination of those dogs subjected to long term pressure-overload failed to reveal peripheral edema, although 5 of the 23 dogs had varying degrees of ascites and hepatic congestion. We previously have reported that this experimental model of pressure-overload RV hypertrophy is characterized by a 60% increase in RV fiber diameter (Murray et al., 1979) . Histological samples of hypertrophied right ventricle analyzed independently by a pathologist exhibited only minimal fibrosis. After the heart was excised, the atria, great vessels, valves, large surface vessels, and epicardial fat were separated from the heart and dis-carded. The free walls of the right and left ventricles and the septum were weighed separately. Values for ventricular mass-to-body weight ratios were computed using the free walls of the right and left ventricles and the body weight of the dog at the time of the initial surgery. RV wall thickness was measured at a consistent site in the mid-free wall and included trabecular muscles. After fixation in 10% phosphate-buffered formalin, samples of myocardial tissue from the free walls of the right and left ventricles were obtained from the dogs that had received radioactive microspheres. RV samples were subdivided into epicardial and endocardial layers. Left ventricular samples were subdivided into epi-, mid, and endocardial layers. The weights of these myocardial samples ranged between 0.5 and 1.5 g. The samples were placed in a multichannel y well counter (Searle Analytic Co.) and counted with appropriately selected energy windows. The raw counts were corrected for background and crossover and compared with the reference blood sample to obtain flow expressed in ml/min per g of tissue. For each dog, right and left ventricular transmural blood flows were computed as the weighted average of the blood flows in 17 individual samples of right ventricle and six individual samples of left ventricle. The endocardial: epicardial perfusion ratios for the right and left ventricles of each dog were computed as the average of the flow ratios in the multiple samples obtained from the respective ventricles.
Mean coronary resistance per gram of right and left ventricle was calculated as the quotient of mean aortic pressure minus right ventricular end-diastolic pressure and myocardial blood flow measured by the radioactive microsphere technique. Total coronary vascular resistance per kg of body weight for the right and left ventricular free walls was computed by multiplying the mean coronary resistance per gram of right or left ventricles by the reciprocal of the right or left ventricular free wall to body weight ratio (O'Keefe et al., 1978) .
Experimental Protocols
Experiments were performed in a dimly lit, quiet room with the unsedated conscious dog resting comfortably on its right side.
Response to Acute Right Coronary Artery Occlusion
The right coronary vascular response to acute occlusion of the right main coronary artery was assessed in 16 normal dogs and in 20 dogs subjected to long-term pressure overload. Following control measurements of aortic and RV systolic and enddiastolic pressures, heart rate, and right coronary artery blood flow (Doppler technique), the right main coronary artery was occluded by inflation of the previously implanted hydraulic occluder. After a period of 15 seconds, the occlusion was released and the measured variables were monitored until right coronary artery blood flow returned to preocclusion levels. The 15-second right coronary hyperemic response was evaluated by computing blood flow debt and the blood flow debt repayment by planimetric technique (Coffman and Gregg, 1960) , as well as the peak right coronary blood flow level during the reactive hyperemic response.
Response to Adenosine-Induced Maximal Coronary Vasodilation
The maximal coronary vasodilator capacity of 15 normal dogs and seven dogs subjected to long-term pressure overload was assessed during the intravenous administration of adenosine (4.7 /iM/kg per min). Following control measurements of aortic and RV systolic and end-diastolic pressures, heart rate, and right coronary artery blood flow (Doppler technique), radioactive microspheres were injected for measurement of regional myocardial blood flow. Maximal coronary vasodilation then was achieved by the intravenous infusion of adenosine. When coronary artery blood flow achieved a new steady state level (after approximately 5 minutes of adenosine infusion), radioactive microspheres again were injected for measurement of regional myocardial blood flow during maximal coronary vasodilation. Maximal coronary vasodilation was verified during adenosine administration by the absence of reactive hyperemia following release of a 15-second right coronary artery occlusion. Heart rate changed spontaneously during adenosine infusion in all dogs with RV hypertrophy and in 10 normal dogs. In five additional normal dogs, heart rate was increased by external pacing during adenosine infusion to approximately the same level as observed in dogs with RV hypertrophy.
Data Analysis
All experiments were performed on conscious dogs. The data were stored and statistically analyzed with a PDP 11/34 computer (Digital Equipment Corp.). The effects of either acute right main coronary artery occlusion or adenosine infusion on the measured variables were assessed for statistical significance by Student's £-test for paired comparisons (Snedecor and Cochran, 1969) . Differences in the measured variables between the normal group and the group subjected to long-term pressure overload were assessed for statistical significance by Student's t-test for unpaired comparisons. Sample sizes (n) appearing in figures and tables refer to the number of dogs. All values presented are mean ± 1 SEM.
Results
Morphological and Hemodynamic Characteristics of RV Hypertrophy
The morphological and hemodynamic characteristics of this experimental model of pressure-overload RV hypertrophy are summarized in Table 1 . • Represents probability that differences between normal dogs (n = 27) and dogs with RV hypertrophy (n = 23) occurred by chance. NS = not significant.
Chronic pulmonary artery stenosis increased (P < 0.01) RV weight-to-body weight ratio, RV wall thickness, RV weight-to-left ventricular weight ratio, RV systolic pressure, RV end-diastolic pressure, and heart rate compared to normal values. Left ventricular weight-to-body weight ratio and mean aortic pressure were similar for the two groups.
Responses to Acute Right Coronary Artery Occlusion
The effects of a 15-second occlusion of the right main coronary artery in a normal dog and in a dog with RV hypertrophy are illustrated in Figure 1 . Note that the phasic waveform for right coronary blood flow in the presence of severe RV hypertrophy exhibits a diminished proportion of systolic blood flow and actually resembles the normal phasic waveform for left circumflex coronary blood flow (Murray et al., 1979) . At rest, right coronary artery blood flow rose (P < 0.001) from 17 ± 1 to 51 ± 5 ml/min in dogs with RV hypertrophy. As shown in Table 2 , acute occlusion of the right main coronary artery resulted in only minor hemodynamic alterations. The right coronary artery blood flow debt incurred during the occlusion period was greater (P < 0.001) in the hypertrophied group (9.65 ± 0.95 ml) than in the normal group (3.07 ± 0.71 ml). After release of the occlusion, mean right coronary blood flow increased to a significantly higher (P < 0.01) peak level in dogs with RV hypertrophy (112 ± 14 ml/min) than in normal dogs (76 ± 5 ml/ min). The total flow debt repayment was greater (P < 0.02) in dogs with RV hypertrophy (18.86 ± 2.36 ml) than in normal dogs (12.37 ± 0.95 ml).
However, as shown in Figure 2 , the excess flow debt repayment in the hypertrophied group (107 ± 22%) was attenuated (P < 0.001) compared to the normal group (325 ± 41%).
Assessment of Maximal Coronary Vasodilator Capacity
Control levels of transmural blood flow (ml/min per g) and the endocardial: epicardial perfusion ratios were similar in the left ventricles of normal dogs and dogs with RV hypertrophy (left panels: Fig. 3) . In contrast, RV hypertrophy was characterized by an increase (P < 0.001) in transmural blood flow, and a decrease (P < 0.001) in the endocardial: epicardial perfusion ratio at control in comparison to normal values (right panels: Fig. 3) . The hemodynamic effects of adenosine administration in normal dogs and in dogs with RV hypertrophy are summarized in Table 3 . Intravenous adenosine had no significant effect on RV systolic or end-diastolic pressures in either group. During maximal coronary vasodilation, mean aortic pressure decreased significantly from 100 ± 2 to 69 ± 4 mm Hg in the normal group, and from 90 ± 5 to 69 ± 5 in the dogs with RV hypertrophy. Heart rate increased (P < 0.001) from 94 ± 4 to 135 ± 8 beats/min in normal dogs during maximal coronary vasodilation, whereas the increase in dogs with RV hypertrophy from 136 ± 8 to 162 ± 19 beats/min did not achieve statistical significance. No significant differences in hemodynamic alterations associated with adenosine administration were observed between the two groups (Table 3) .
Transmural blood flow increased (P < 0.001), and the endocardial:epicardial perfusion ratio decreased (P < 0.001) to similar levels in the left ventricles of both groups during maximal coronary vasodilation (Fig. 3) . In contrast, transmural blood flow to the hypertrophied right ventricle increased (P < 0.01) to a significantly lower (P < 0.05) level during maximal coronary vasodilation compared to normal. At the same time, the endocardial:epicardial perfusion ratio decreased (P < 0.001) below unity to 0.83 ± 0.06 in the hypertrophied right ventricle, a value significantly lower (P < 0.001) than that observed in the normal right ventricle during maximal coronary vasodilation (1.16 ± 0.03). Control levels of both RV epi-and endocardial blood flows were elevated in the presence of RV hypertrophy. With maximal coronary vasodilation, blood flow rose to a significantly lower level (P < 0.01) in the endocardium of the hypertrophied right ventricle compared to normal (Fig. 4) .
The minimum levels to which coronary vascular resistance (expressed on a per gram basis) decreased during maximal coronary vasodilation in the left and right ventricles of normal dogs and dogs with RV hypertrophy are summarized in Figure 5 (top). Minimum levels of left ventricular coronary vascular resistance were similar in normal dogs and dogs with RV hypertrophy. However, despite lower (P < 0.001) control levels of coronary vascular resistance in the hypertrophied right ventricle (51 ± 3 mm Hg/ml per min per g) compared to normal (134 ± 9 mm Hg/ml per min per g), the minimum level of coronary vascular resistance achieved during maximal coronary vasodilation was significantly higher (P < 0.02) in the hypertrophied right ventricle.
As shown in Figure 5 (bottom), during maximal coronary vasodilation total coronary resistance per kg body weight decreased to similar minimum levels in normal dogs and dogs with RV hypertrophy. These results indicate that the functional crosssectional area of the coronary vascular bed was not increased in proportion to the increase in cardiac mass of the hypertrophied right ventricle. 
Effects of Adenosine on Overall and Regional Maximal Coronary Vasodilator Capacity (Heart Rates Matched)
To assess the effects of the different levels of heart rate that occurred during adenosine infusion in the two groups, the maximal coronary vasodilator capacity of dogs with RV hypertrophy was compared to a subset of normal dogs (n = 9) which either increased their heart rate spontaneously (n = 4) or in which it was increased by external pacing (n = 5) to similar levels as observed in dogs with RV hypertrophy. As shown in Table 4 , when heart rates were matched, both overall and regional indices of maximal coronary vasodilator capacity of dogs with RV hypertrophy still were reduced compared to the normal group. 
Discussion
The experimental model of chronic, supravalvular pulmonary artery stenosis used in this study to induce RV hypertrophy permits assessment of coronary vascular adaptations associated with the hypertrophic process without the confounding influence of a chronically elevated coronary perfusion pressure. The major findings of this study are: (1) the right coronary vascular reserve of the hypertrophied right ventricle is attenuated markedly as reflected by a diminished excess flow debt repayment following acute occlusion of the right main coronary artery, and (2) the increase in cardiac mass secondary to chronic pulmonary artery stenosis is not accompanied by a proportionate increase in the functional cross-sectional area of the coronary vascular bed supplying the enlarged ventricle.
The results of the present study appear to conflict with those of several previous studies that assessed the coronary vasodilator reserve of the hypertro- phied right ventricle (Archie et al., 1974; Lowensohn et al., 1976) . In contrast to the attenuated coronary hyperemic response to acute myocardial ischemia that we observed ( Figs. 1 and 2) , the coronary response of conscious dogs with RV hypertrophy induced by congenital pulmonic stenosis was similar to normal, except for some slight throttling of systolic coronary flow (Lowensohn et al., 1976) . Perhaps more striking is the contrast between the reduction in maximal coronary vasodilator capacity that we observed (Figs. 3-5) , and the report that isoproterenol-induced coronary vasodilation is enhanced in 5-to 12-week-old tranquilized lambs with concentric RV hypertrophy induced by pulmonary artery banding at 2 days of age, which suggests an increase in vascularity of the hypertrophied right ventricle (Archie et al., 1974) . These divergent findings could be the result of differences in (1) the age of onset of the stimulus for hypertrophy, (2) the rate at which the stimulus was applied, and/or (3) the extent to which the right ventricle increased in mass. These factors may have important modulating influences on the adaptive responses of the coronary circulation to the hypertrophic condition. In addition, different pharmacological agents were used to induce maximal coronary vasodilation in the two studies. Previous studies which have examined the coronary vascular response to acute periods of myocardial ischemia (Holtz et al., 1977; Rembert et al., 1978) or to potent coronary vasodilators in the left ventricle with pressure-overload induced hypertrophy (Holtz et al., 1977; Mueller et al., 1978; O'Keefe et al., 1978) have documented abnormalities in the coronary vascular response to those interventions. However, it is difficult to discern whether the observed effects are characteristic of the hypertrophic condition, or whether they are the result of morphological changes in the coronary vascular anatomy secondary to exposure to chronically elevated coronary perfusion pressure. Several lines of evidence appear to support the latter possibility. First, chronic exposure to elevated coronary perfusion pressure has been shown (O'Keefe et al., 1978) to result in medial thickening of coronary arteries greater than 100 /un in diameter. And second, those same investigators (O'Keefe et al., 1978) observed that decreases in maximal coronary vasodilator capacity occurred not only in the hypertrophied left P value represents probability that differences between normal dogs (n = 9) and dogs with right ventricular hypertrophy (RVH; n = 7) occurred by chance.
" Heart rate increased either spontaneously (n = 4) or by external pacing (n = 5) during maximal vasodilation.
ventricle, but also concurrently in the nonhypertrophied right ventricle, which suggests that the reductions in maximal coronary vasodilator capacity are not necessarily dependent on the hypertrophic condition and may be due to the effects of chronic exposure to high systolic aortic pressure on the coronary vasculature. An important finding of the present study is that maximal coronary vasodilator capacity of the hypertrophied right ventricle is reduced without a chronically elevated coronary perfusion pressure. These results clearly demonstrate that an elevated coronary perfusion pressure is not a prerequisite for reductions in maximal coronary vasodilator capacity that characterize cardiac hypertrophy.
Potential mechanisms responsible for the reduction in maximal coronary vasodilator capacity of the hypertrophied ventricle can be divided into two categories, functional and anatomical (Mueller et al., 1978) . Because a concomitant reduction in the maximal coronary vasodilator capacity of the nonhypertrophied left ventricle of dogs with RV hypertrophy did not occur, it is unlikely that the mechanism involves enhanced neural or humoral constrictor influences. Furthermore, the reduction in maximal coronary vasodilator capacity cannot be due to diminished diastolic perfusion time consequent to the higher levels of heart rate during adenosine infusion in dogs with RV hypertrophy, because the reduction persists when the hypertrophied group is compared to normal dogs with matched heart rates during adenosine infusion (Table 4 ). Other functional factors which cannot be discounted include an increase in extravascular compression of the coronary vasculature perfusing of the hypertrophied ventricle, and changes in the intrinsic contractile activity of the coronary vascular smooth muscle supplying the hypertrophied ventricle. It is likely, however, that a major fraction of the decrease in maximal coronary vasodilator capacity of the hypertrophied right ventricle is due to anatomical factors. In this connection it is important to note that, in this model, fibrosis is minimal, but right ventricular fiber diameter is increased by 60% (Murray et al., 1979) . When minimum levels of coronary vascular resistance are calculated on the basis of flow to the entire ventricle and then normalized for body weight (Fig. 5, bottom) , these values are similar in normal and hypertrophied right ventricles. Thus, the 70% increase in RV mass is not matched by a proportionate increase in total cross-sectional area of the coronary vasculature supplying the hypertrophied right ventricle, which in turn results in a decrease in maximal coronary vasodilator capacity.
The reduction in maximal coronary vasodilator capacity per gram of hypertrophied right ventricle is manifested by the significantly lower level to which transmural blood flow increases (Fig. 3) and the significantly higher level of minimum coronary vascular resistance (Fig. 5, top) during maximal coronary vasodilation. Moreover, this effect is most prominent in the subendocardial region of the hypertrophied right ventricle (Fig. 4) . Subendocardial underperfusion during maximal coronary vasodilation could result either from enhanced systolic compressive effects on the coronary vasculature which supplies the thickened free wall of the hypertrophied right ventricle, or from increased intracavitary pressures both during systole and diastole which may impede endocardia! perfusion, an effect which would be most pronounced during maximal coronary vasodilation.
There are several questions which concern methodology and interpretation of results that must be discussed. First, the fact that right coronary artery blood flow increases to a higher peak level after release of the 15-second right coronary occlusion in dogs with RV hypertrophy compared to normal dogs is not contradictory to the observation that maximal coronary vasodilator capacity per gram of tissue is reduced in this group of animals. These measurements of right coronary artery blood flow are not normalized per gram of right ventricle because, at rest, a significant fraction (~37%) of total perfusion of the normal right ventricle originates from the left coronary artery (Murray and Vatner, 1980a) . The specific effects of the interventions used in this study on the fractional contributions of the right and left coronary arteries to total perfusion of the right ventricle are unknown, although it should be noted that the fractional contribution of the right coronary artery is increased with the development of RV hypertrophy (Murray and Vatner, 1980a) . Second, the existence of this dual blood supply to both normal and hypertrophied right ventricles prevents extrapolation concerning the degree of maximal coronary vasodilator capacity of the hypertrophied right ventricle from the simple observations that (1) blood flow per gram of hypertrophied right ventricle is elevated at rest, and (2) the excess flow debt repayment following release of acute right coronary artery occlusion is reduced. Third, the conclusion that maximal coronary vasodilator capacity is reduced in the hypertrophied right ventricle depends on whether the dose of adenosine we used maximally dilates the coronary bed. The dose of adenosine that we used for this purpose is similar to that used by other investigators (Cobb et al, 1974; Mueller et al., 1978) to produce maximal coronary vasodilation. Furthermore, we did not observe reactive hyperemia following release of a 15-second right coronary artery occlusion during adenosine-induced vasodilation. Finally, the reduction in maximal coronary vasodilator capacity of the hypertrophied right ventricle is both consistent with and supportive of the possibility that this factor may be responsible for the abnormal coronary vascular response of these dogs to free-ranging exercise. This abnormal response is characterized by an attenuated increase in right coronary blood flow during exercise compared to normal, as well as a striking coronary hyperemia following cessation of exercise, which suggests a perfusion deficit of the hypertrophied right ventricle during the exercise period (Murray and Vatner, 1978) .
One other point deserves consideration. Recent studies by other investigators (Mohrman and Feigl, 1978) and by this laboratory (Murray and Vatner, 1979a) indicate that a adrenergic coronary vasoconstnction can attenuate metabolic coronary vasodilation. If this occurred to a much greater extent in dogs with RV hypertrophy than in normal dogs, it could be responsible for the diminished maximal coronary vasodilator response. We feel that this potential explanation is unlikely for several reasons. First, arterial pressure fell to identical levels in both groups during adenosine infusion. Thus, one would have to postulate that sympathetic vasoconstrictor influences were enhanced in the RV hypertrophy group. In contrast, we recently observed that a adrenergic coronary vasoconstriction in response to carotid sinus hypotension (Murray and Vatner, 1979b) and to carotid chemoreceptor stimulation (Murray and Vatner, 1980b) actually was depressed substantially in dogs with RV hypertrophy as compared to normal dogs. Moreover, since our findings of depressed coronary vasodilator capacity were selective to the right ventricle, it is extremely unlikely that a neural or humoral mechanism could be responsible for the observed differences.
In summary, the development of severe RV hypertrophy is characterized by a markedly attenuated coronary vascular response to acute myocardial ischemia. Moreover, the increase in cardiac mass that results from chronic pulmonary artery stenosis is not accompanied by a proportionate increase in total cross-sectional area of coronary vessels supplying the hypertrophied ventricle, such that maximal coronary vasodilator capacity is reduced. This fundamental abnormality in the coronary vascular adaptation to the hypertrophic process could act to limit sufficient nutrient supply to the hypertrophied right ventricle, especially during periods of elevated metabolic demand, and could, therefore, be involved in the pathogenesis of congestive heart failure.
